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1
LOAD ESTIMATION IN A USER EQUIPMENT

TECHNICAL FIELD

The embodiments of the present invention relate to a
method and user equipment (UE) in a cellular communication
network for estimating a relative load.

BACKGROUND

In cellular communication networks such as Long Term
Evolution (LTE) networks, it is desired to be able to estimate
a relative load in the radio network from the user equipment
(UE) without having access to network information. The
relative load implies how much of the available radio
resources which is occupied by traffic, regarding interference.
Such load estimations may be used for input to algorithms,
feedback to the network, creating possibilities for load based
radio resource management algorithms and for throughput
prediction.

There is currently no known method to estimate load in
neighboring cells applicable for LTE. Further, there is no
standardized method or measure available in the system that
reflects what relative load the interference load situation cor-
responds to.

SUMMARY

The embodiments of the present invention utilize the mea-
surements available in an LTE UE to establish an estimation
of the relative system load (interference load).

This is accomplished by comparing a load measure based
on a RSRP-based geometry measure and UE-measured
CINR. Constructing a measure by calculating the corre-
sponding quotient provides an estimation of the relative load
in the network, more specifically the load in neighboring
cells.

According to a first aspect of embodiments of the present
invention a method in a UE for estimating a relative load in a
network is provided. The network comprises a plurality of
base stations and one of the base station is a serving base
station to the UE. In the method, RSRP is measured for all
base stations the UE detects and a CINR is measured. A
geometry measure (G) is determined wherein G is equal to
RSRP for the serving cell divided by a sum of RSRP for
remaining base stations that the UE detects. The CINR at full
load is estimated by using the G and the relative load is
estimated by dividing G by CINR.

According to a second aspect of embodiments of the
present invention, a UE for estimating a relative load in a
network is provided. The network comprises a plurality of
base stations and one of the base station is a serving base
station to the UE. The UE comprises a detector configured to
measure RSRP for all base stations the UE detects, and to
measure a CINR. Further a processor is provided which is
configured to determine a geometry measure, G, wherein G is
equal to RSRP for the serving cell divided by a sum of RSRP
for remaining base stations that the UE detects. The processor
is further configured to estimate the CINR at full load by
using the geometry measure, G, and to estimate the relative
load by dividing G by CINR.

An advantage with embodiments of the present invention is
that the embodiments utilize the fact that an existing LTE UE
measures and monitors RSRP for all detected neighbors and
CINR for the serving cell. By using the RSRP, the UE has the
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2

possibility to create a good estimate of the geometry G, which
estimates the CINR at full load.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cellular network wherein the embodi-
ments of the present invention may be implemented.

FIG. 2 is a flowchart of a method according to an embodi-
ment of the present invention.

FIG. 3 illustrates schematically a user equipment accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a cellular network wherein the embodi-
ments of the present invention may be implemented. FIG. 1
shows two base stations 110,112, also referred to as eNB in
LTE networks, wherein a UE 108 is connected to one of the
base stations 110 which is the serving base station. Surround-
ing base stations 112 cause interference to the UE 108 as
communication between the serving base station 110 and
other UEs in the same cell 116 occurs. Accordingly, the UE
108 transmits/receives traffic to/from the serving base station
110 on traffic channels and at the same time is exposed to
interference. As mentioned above, it is desired to be able to
measure the load, wherein the load implies how much of the
radio resources which is occupied by traffic.

In LTE, Reference Symbol Carrier to Interference and
Noise Ratio (RS CINR) is measured by the UE, and provides
an estimation of the carrier to interference and noise ratio
(CINR) on the traffic channels provided that reference sym-
bols are not synchronized thus not colliding synchronously at
all times.

Further, the UE measures Reference Symbol Received
Power (RSRP) for all neighboring cells it detects. This is for
example used for handover purpose so that the UE can report
which cell that it hears best.

The measured RSRP can be used to assemble a geometry
measure. The geometry measure is according to one embodi-
ment built by calculating the quotient of RSRP from own
serving cell divided by the sum of RSRP for all other neigh-
boring cells as shown below:

RSRPown celt

G= o omeell
2 RSRPotper ceuts

According to a further embodiment, the geometry measure
built by calculating the quotient of RSRP from own serving
cell divided by the sum of RSRP for all other neighboring
cells plus additional noise as shown below:

RSRP o cett

=——o—
2. RSRPpther cets + n0ise

The solution of embodiments of the present invention uti-
lizes the fact that the geometry factor is a good estimation of
CINR in a full-load situation. Full-load situation implies that
all radio resources in all cells are occupied by traffic.

As G is a good estimate of the CINR at full load, G can
therefore be combined with current CINR to estimate the
current relative load. 1.e., the relative load is G/CINR since
this G indicates the carrier to interference ratio at full load and
the current CINR indicates the load until the network is full.
Accordingly, relative load implies that the load is determined
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relative the full load, and full load is the load when there is no
more room for additional traffic in the radio network. The
relative load is typically measured in percentage. According
to embodiments, the load is determined as a straight linear
quotient of G and the CINR, as shown below:

G
Load= ——
CINR

For example, G="-70 dBm”/“-73 dB”=-70 dBm-(-73
dBm)=3 dB which is equal to G=100 nW/50 nW=2. CINR is
measured to 9 dB which is equal to 8. L=G/CINR=2/8=0,
25=25%. If the surrounding interference increases, CINR
decreases. Given same geometry factor, a 4 dB CINR corre-
sponds to 80% interference load, which is the sum of all
interference that the UE is subject to.

Turning now to FIG. 2 showing that a method in a UE is
provided, wherein the UE measures 201,202 the RSRP and
the CINR. The UE determines 203 a geometry measure (G)
wherein G is equal to RSRP for the serving cell divided by a
sum of RSRP for remaining base stations that the UE detects
and divides the determined G with the CINR. According to a
further embodiment the UE determines 203 a geometry mea-
sure (G) wherein G is equal to RSRP for the serving cell
divided by a sum of RSRP for remaining base stations that the
UE detects plus additional noise as in the formula below:

B RSRPon cet
2. RSRPoer ceuis + noise

The CINR at full load is estimated 204 by using the geom-
etry measure, i.e. CINR at full load is estimated to be G. The
relative load is then estimated 205 by dividing G by CINR.
The estimated relative load may then be reported 206 to the
network.

Thus, in this way an estimate of the relative network load is
obtained.

As illustrated in FIG. 3 a UE 300 according to an embodi-
ment is schematically illustrated. The UE comprises a trans-
ceiver 330 for wireless communication with base stations and
a detector 310 configured to measure RSRP and CINR. The
UE further comprises a processor 320 configured to deter-
mine a geometry measure (G). G is according to one embodi-
ment equal to RSRP for the serving cell divided by a sum of
RSRP for remaining base stations that the UE detects or
according to a further embodiment equal to RSRP for the
serving cell divided by a sum of RSRP for remaining base
stations that the UE detects plus additional noise. The pro-
cessor 320 is further configured to estimate the CINR at full
load by using the geometry measure (G) and to estimate the
relative load by dividing G by CINR.

The transceiver 330 is also configured to report the esti-
mated relative load to the network according to an embodi-
ment.

The UE may also comprise a lookup table 340 which maps
the relative load to a certain number of users in the cell of the
serving cell. The lookup table may also be located in the
network. To be able to make the estimation for the lookup
table, knowledge of the services used and mix between ser-
vices are necessary.

The functionalities of the UE can be implemented by the
processor 320 associated with a memory 340 storing software
code portions as illustrated in FIG. 3. The processor runs the
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software code portions to achieve the functionalities of the
UE according to embodiments of the present invention.

The relative network load may be translated into absolute
load figures throughout model training. Further development
of the translation through reference system simulations and
empirical testing may be performed.

In a further embodiment, the estimated load may be
reported to the network. For example by using a field stan-
dardized for this purpose or possibly using already existing
reporting fields.

The network may use the load estimate when taking han-
dover decisions; e.g. applying larger margins when the load is
high and smaller margins when the load is low. The UE can
alsouse these load estimations for field testing purposes, to be
able to continuously get a figure for the interference load in
the network.

The estimated load may also be useful as input to algo-
rithms, to create possibilities for load based algorithms and be
used for throughput prediction.

Moreover, the estimated load may be used as input to a
throughput (performance) prediction algorithm that could
operate without accessing the network. For example, to make
a representative signal quality to bitrate lookup, the used
signal quality measure must contain information reflecting
the interference from neighboring cells.

According to one embodiment, the relative load is mapped
to a certain number of users in the cell of the serving cell.
Hence, a lookup table may be provided which maps the esti-
mated load to a certain number of users in the serving cell.
However knowledge of traffic pattern and the mixture of
services are necessary to be able to do this lookup.

Thus the proposed solution provides a method to estimate
the network load taking interference from neighboring cells
into account. In accordance with a further alternative, by
using information of interference from other cells derived
fromthe L expression, the signal quality to throughput lookup
can be estimated.

The invention claimed is:

1. A method, in a user equipment, UE, for estimating a
relative load in a network, the network including a plurality of
base stations, one of the base station being a serving base
station to the UE, the method comprising:

measuring a Reference Symbol Received Power, RSRP, for

each base station the UE detects;

measuring a carrier to interference and noise ratio, CINR;

determining a geometry measure, G, G being equal to an

RSRP for a serving cell of the serving base station
divided by at least a sum of RSRPs for remaining base
stations that the UE detects;

estimating the CINR at full load by using the geometry

measure, G; and

estimating the relative load by dividing G by CINR.

2. The method according to claim 1, wherein the geometry
measure, G, is determined as being equal to RSRP for the
serving cell divided by the sum of RSRPs for remaining base
stations that the UE detects plus additional noise.

3. The method according to claim 1, further comprising:

reporting the estimated relative load to the network.

4. The method according to claim 1, further comprising:

mapping the relative load to a number of users in the

serving cell.

5. The method according to claim 1, wherein the geometry
measure, G, is determined as being equal to RSRP for the
serving cell divided by the sum of RSRPs for remaining base
stations that the UE detects plus additional noise, the method
further comprising:

reporting the estimated relative load to the network.
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6. The method according to claim 1, wherein the geometry
measure, G, is determined as being equal to RSRP for the
serving cell divided by the sum of RSRPs for remaining base
stations that the UE detects plus additional noise, the method
further comprising:

mapping the relative load to a number of users in the

serving cell.

7. The method according to claim 1, wherein the geometry
measure, G, is determined as being equal to RSRP for the
serving cell divided by the sum of RSRPs for remaining base
stations that the UE detects plus additional noise, the method
further comprising:

reporting the estimated relative load to the network; and

mapping the relative load to a number of users in the

serving cell.

8. The method according to claim 1, further comprising:

reporting the estimated relative load to the network; and

mapping the relative load to a number of users in the
serving cell.

9. A user equipment, UE, for estimating a relative load in a
network, the network including a plurality of base stations,
one of the plurality of base stations being a serving base
station to the UE, the UE comprising:

a detector configured:

to measure a Reference Symbol Received Power, RSRP,
for each base station the UE detects; and

to measure a carrier to interference and noise ratio,
CINR; and

a processor configured:

to determine a geometry measure, G, G being equal to an
RSRP for a serving cell of the serving base station
divided by at least a sum of RSRPs for remaining base
stations that the UE detects;

to estimate the CINR at full load by using the geometry
measure, G; and

to estimate the relative load by dividing G by CINR.

10. The UE according to claim 9, wherein the processor is
further configured to determine G as being equal to RSRP for
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the serving cell divided by the sum of RSRPs for remaining
base stations that the UE detects plus additional noise.

11. The UE according to claim 9, further comprising:

a transceiver configured to report the estimated relative

load to the network.

12. The UE according to claim 9, further comprising:

a lookup table configured to map the relative load to a

number of users in the serving cell.

13. The UE according to claim 9, wherein the processor is
further configured to determine G as being equal to RSRP for
the serving cell divided by the sum of RSRPs for remaining
base stations that the UE detects plus additional noise, the UE
further comprising:

a transceiver configured to report the estimated relative

load to the network.

14. The UE according to claim 9, wherein the processor is
further configured to determine G as being equal to RSRP for
the serving cell divided by the sum of RSRPs for remaining
base stations that the UE detects plus additional noise, the UE
further comprising:

a lookup table configured to map the relative load to a

number of users in the serving cell.

15. The UE according to claim 9, wherein the processor is
further configured to determine G as being equal to RSRP for
the serving cell divided by the sum of RSRPs for remaining
base stations that the UE detects plus additional noise, the UE
further comprising:

a transceiver configured to report the estimated relative

load to the network; and

a lookup table configured to map the relative load to a

number of users in the serving cell.

16. The UE according to claim 9, further comprising:

a transceiver configured to report the estimated relative

load to the network; and

a lookup table configured to map the relative load to a

number of users in the serving cell.
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